Abstract-We report on a procedure using powdered coconut charcoal to sequester organic contaminants and reduce toxicity in sediments as part of a series of toxicity identification and evaluation (TIE) methods. Powdered coconut charcoal (PCC) was effective in reducing the toxicity of endosulfan-spiked sediments by 100%. Powdered coconut charcoal also was effective in removing almost 100% of the toxicity from two field sediments contaminated with polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs). Powdered coconut charcoal did not change the toxicity of ammonia or metal-spiked sediments; however, there was some quantitative reduction in the concentrations of free metals (element specific) in metal-spiked sediments. Powdered coconut charcoal is an effective, relatively specific method to sequester and remove toxicity from sediments contaminated with organic contaminants.
INTRODUCTION
Sediments are a major sink for many contaminants, particularly medium to high log K ow (i.e., log K ow Ն 4) organic compounds that enter coastal and marine watersheds. The presence of these compounds results in sediment toxicity that is widely recognized as a problem in many regions of the world [1, 2] . Sediment toxicity has been linked to organismal [3] , population [4] , and community declines [5, 6] . Knowledge of sediment toxicity is important, but provides little information on the cause of toxicity. The ability to identify the cause(s) of toxicity in sediments has many applications. Identification of toxicants in sediments allows managers to make informed decisions on appropriate remediation and disposal of toxic dredged material, identify important stressors in impacted benthic communities, and determine sources of continuing contamination in order to develop appropriate management strategies.
Methods to identify toxicants in interstitial waters (IW) from sediments exist [7] [8] [9] [10] [11] . These toxicity identification and evaluation (TIE) methods are based largely on adaptations of effluent TIE methods [12] [13] [14] [15] . However, a number of concerns have arisen when IW is isolated and tested ( [16] , http:// www.setac.org/pubsws.html). These issues include changes in metal toxicity due to oxidation during routine aeration of IW toxicity tests, changes in the IW pH due to CO 2 volatilization, underexposure of moderate to high log K ow compounds due to volatilization and sorption to test containers, overexposure of organisms not normally exposed to 100% IW, and elimination of other routes of exposure, such as sediment ingestion. In addition to these reasons, and because testing the whole sediment matrix more closely approximates the types of toxicity tests that may initiate the use of TIEs (e.g., dredging protocols * To whom correspondence may be addressed (ho.kay@epa.gov).
[17]), we have developed methods to identify toxicants in the whole sediment matrix.
Our methods assume there are three major classes of toxicants in sediments: Ammonia, metals, and nonpolar organics. Prior to this study we developed methods to remove or render nonbioavailable ammonia [18] [19] [20] and metals [21] . However, developing a method to sequester organic toxicants has proved to be particularly difficult, largely because sediments themselves have organic matter (generally Ͻ1-15%) that bind organic compounds. Our objective was to distinguish and remove anthropogenic organic contaminants without removal of natural organic compounds, or creating artifactual toxic sediments. We explored many different types of sorbents and removal techniques including solvent extraction, supercritical fluid extraction, and various organic binding resins [22, 23; K. Ho, unpublished data] . Most of the sorbents we tried had various properties that made them unusable for our purposes; these properties ranged from inherent toxicity, to not being an effective enough sorbent. We finally focused on the use of powdered coconut charcoal (PCC) as a sorbent. This paper reports the results of experiments using PCC as a sorbent for reducing the bioavailability of nonpolar organic toxicants in spiked and field sediments, as well as experiments that delineate the selectivity of PCC within a TIE approach to identify classes of toxicants in marine sediments.
MATERIALS AND METHODS

Overview
This section gives an outline of the experiments performed to determine the efficacy and specificity of PCC in removing toxicity due to organic contaminants. To determine the inherent toxicity of PCC, organisms were exposed to 100% PCC, and then in concentrations from 0 to 20% (PCC g wet/sediment g wet) mixed with a reference sediment. The PCC was then tested for efficacy with the pesticide endosulfan (log K ow ϳ 4) spiked into a reference sediment. To determine the specificity of PCC, (i.e., to determine if PCC would affect the toxicity of other classes of toxicants), sediments were spiked separately with metals and ammonia and then PCC was added. We also compared the effectiveness of PCC versus ground Ambersorb 1500 (Rohm and Hass, Philadelphia, PA, USA; estimated particle size 2-30 mm) [24] , a carbonaceous resin, for reducing the bioavailability of organic toxicants. We chose Ambersorb 1500 because of its reputed ability to sorb organic compounds [25] . Finally, we tested the effectiveness of PCC additions for removal of organic toxicants with two field-contaminated sediments.
PCC preparation
Powdered coconut charcoal is pyrolyzed, activated coconut husks ground to a specific size. The PCC (90% Ϫ 96% Ͻ 45 m, Calgon Carbon, Pittsburgh, PA, USA) was hydrated before use by combining 290 g dry PCC with 1,000 ml de-ionized water in a 2,000-ml vacuum flask. Exact proportions are not critical as long as there is excess overlying water. The PCCde-ionized mix was swirled in the flask until mixed visually, then placed under vacuum overnight (ϳ20 h). The vacuum removes the air from the PCC and allows the water to penetrate into the interstices of the PCC more thoroughly. Excess water was removed by filtration or by centrifugation (4,000 rpm for 30 min at 4ЊC). Either method resulted in wet PCC containing between 55 and 65% water, resembling a dark black paste. We have stored the wet PCC in a tightly covered container at 4ЊC in the dark for over six months with no loss of activity.
Preparation of test sediment
For toxicity testing, we used 3.0 g of wet PCC for every 20 g of test sediment (15%). The PCC was added by weight to the test sediment and the two were mixed thoroughly manually with a stainless steel spatula or a disposable plastic spoon. Twenty-three g of the sediment-PCC mixture was placed in each replicate exposure chamber, and 60 ml of clean reconstituted water (30 ppt) was added carefully to minimize resuspension. The overlying water was aerated gently for 24 h before organisms were added. Reconstituted seawater was prepared with de-ionized water and 100 ppt brine to arrive at a solution of 30 ppt [26] . Specific details of test chamber preparation and test procedures have been published [27] .
Toxicity tests
Sediment toxicity tests were conducted with amphipods and mysid shrimp exposed together in replicate test chambers. Ten mysids and ten amphipods were added to each test chamber. Ampelisca abdita (amphipods) were field collected from the Narrow River (RI, USA). Juvenile organisms that passed through a 0.7-mm screen, but were retained on a 0.5-mm screen were selected for the experiments. During holding and acclimation, amphipods were fed a mixture of cultured algae (Tetraselmis suecica and Isochrysis galbana), and held in Long Island Sound ([LIS], NY, USA) reference sediment at 20 Ϯ 2ЊC for at least 24 h prior to testing. During the 96-h test, amphipods were not fed. Americamysis bahia (mysids) were obtained from on-site cultures when they were less than 48 h old. Mysids were fed newly hatched Artemia salina ad-lib during culture and testing. All tests were performed at 20 Ϯ 2ЊC using 30 ppt reconstituted seawater (see above). For more information on testing conditions and protocols see [27] . Upon test termination, mysids and amphipods were enumerated. Missing organisms were considered dead. The PCC passed easily through the screen.
Spiked sediments
Reference sediments used in these studies were either from LIS or North Jamestown ([NJ], RI, USA) [21, 10] . Both sediments are nontoxic and only have background levels of toxic metals and organic contaminants [10] . For experiments, sediments were spiked with reagent grade metal salts: CdCl 2 , CuCl 2 C2H 2 O, Pb(NO 3 ) 2 , NiCl 2 C6H 2 O, and (CH 3 CO 2 )2Zn C2H 2 O to prepare a dilution series in which final nominal total metal concentration ranged from a control (no added metal) to 2,100 mg/kg (wet wt). The general preparation procedure involved weighing the required metals salts into a storage vessel, adding a small volume of de-ionized water to dissolve the salts, and then adding control sediment. Sediments were then manually mixed and placed on a roller mill (5 rpm) for approximately 96 h in the dark at 4ЊC. After mixing, sediments were stored in the dark at 4ЊC until use over several months. Similar procedures were followed to prepare a dilution series of sediments amended with ammonia (NH 4 Cl; final concentrations ranged from a control [no added ammonia] to 750 mg/ kg wet wt) and the representative nonpolar organic compound, the pesticide endosulfan (final concentrations ranged from a control [no added endosulfan] to 12.5 mg/kg wet wt) for selectivity studies. For preparation of endosulfan-spiked sediment, the crystalline pesticide was added to the glass storage container and dissolved into hexane. The hexane was then allowed to evaporate, leaving the endosulfan to coat the container's interior wall. Sediment was then added, mixed for 96 h on the roller mill in the dark at 4ЊC, and stored as described above. Endosulfan concentrations are reported on a nominal basis.
Coconut charcoal selectivity
To determine the level of interaction among PCC, ammonia, and five metals, experiments were performed using a slightly different design than described in the Preparation of test sediment section. For PCC selectivity studies, 100-ml polyethylene centrifuge tubes replaced the glass jars as the exposure chambers because use of the tubes eliminated the sediment transfer step from the jars to the tubes during recovery of interstitial water for chemical analysis. The volume of reconstituted seawater, mass of sediment, and amount of PCC added to the tubes remained the same as in the other experiments. After the 96-h exposure period, overlying and interstitial waters were collected. To ensure that sufficient volumes of interstitial water were available, experiments consisted of biological and chemical replicates (n ϭ 2 or 3), both containing organisms. Biological replicates were used to assess toxicity and chemistry replicates were used for collecting interstitial and overlying waters. Approximately 20 ml of overlying water was collected from each chemistry replicate and the remaining volume decanted. The centrifuge tubes with the sediment were then centrifuged at 4,100 rpm for 30 min at 4ЊC. After centrifugation, approximately 5 ml of interstitial water was removed carefully from above the sediment pellet using a pipeter. For un-ionized ammonia calculations, pH, salinity, and temperature also were measured in overlying and interstitial water samples. Samples were stored in the dark at 4ЊC until analysis, with metal samples being acidified prior to storage. Samples of overlying and interstitial water were analyzed for either metals or ammonia as discussed below.
Field sediments
Field sediments from New Bedford Harbor ([NBH] , MA, USA) and the Elizabeth River, ([ER], VA, USA) were chosen to evaluate the effectiveness of PCC to remove anthropogenic organic contaminants. Both sediments are extremely contaminated, NBH with PCBs [28] and ER with PAHs [29] , and have demonstrated toxicity to a variety of marine organisms [10] . The top 2 cm of sediments were collected, shipped, and stored in clean, covered 4-L plastic buckets. The sediments were held at 4ЊC in the dark and had a variable storage duration; some were held for as long as four years and others were held for only 4 d. These sediments were tested at 100% (no dilutions) using a design similar to that described in the Coconut charcoal selectivity section, except glass centrifuge tubes were used, and due to a shortage of test animals, no organisms were added to the chemistry replicates. Overlying and interstitial water samples from the PCC-treated and untreated ER and NBH sediments were analyzed for PAHs and PCBs, respectively. Samples were collected after the initial 24-h equilibration period. Interstitial waters were isolated by centrifuging at approximately 1,000 rpm for 30 to 60 min at 4ЊC. A second centrifugation (215 rpm, 30 min, 4ЊC) of the isolated interstitial water frequently was necessary to remove suspended particles.
Coconut charcoal and Ambersorb comparison
The effectiveness of powdered coconut charcoal and Ambersorb 1500 to reduce toxicity caused by organic toxicants was compared using sediments from NBH. Four concentrations, 5, 10, 15, and 20%, of each material were added to 20 g of NBH in each of three replicates. Both negative and positive controls were performed; positive control was 100% NBH sediment with no sorbent added. Toxicity testing proceeded as discussed earlier (see Toxicity tests section).
Analytical chemistry
Metals. Interstitial water metals were extracted from the sediments by centrifuging approximately 25 g of sediment at 1,000 ϫ g on an IEC (Needham Heights, MA, USA) model 8R centrifuge for 1 h at 4ЊC under nitrogen. Following separation, interstitial waters immediately were filtered through a one micron Nuclepore filter (Cambridge, MA, USA), acidified with 1 L nitric acid per ml of sample and stored at 4ЊC until analysis. Overlying water samples immediately were filtered and acidified following collection in the same manner as the interstitial waters. Whole sediment samples were processed using a CEM model microwave digestion system 2000 microwave oven (Matthews, NC, USA) and Teflon digestion vessels. A combination of concentrated acids (i.e., 3 ml HF, 2 ml Hcl, and 5 ml HNO 3 ) was added to each sample (0.2 g), and microwave digested for 60 min at a maximum pressure of 180 psi. Samples with high metal concentrations were analyzed on an Applied Research Laboratories Model 3410 inductively coupled plasma-atomic emission spectrometer (Valencia, CA, USA). Samples with concentrations at or below inductively coupled plasma-atomic emission spectrometer detection limits (Cd Ͼ 0.01, Cu Ͼ 0.02, Ni Ͼ 0.05, Pb Ͼ 0.05, and Zn Ͼ 0.02 mg/L) were analyzed by a Perkin-Elmer (Norwalk, CT, USA) SIMAA Model 6000 graphite furnace spectrophotometer. Both instruments were calibrated using National Institute for Standards and Technology (Gaithersburg, MD, USA) traceable calibration standards. Metals samples were analyzed utilizing blank and duplicate samples along with matrix spikes in order to assess the precision and accuracy of the analytical work. Analysis of duplicate samples were within 5% relative percent deviation while matrix spike additions were within 15% of calculated values. Standard reference material MESS-2 (National Research Council, Institute for Environmental Chemistry, Ottawa, ON, Canada), an estuarine sediment with certified metal values, was digested and analyzed along with whole sediment samples. Calculated standard reference material recoveries for the metals in this study ranged between 85 and 115%.
Ammonia. Overlying and interstitial water ammonia concentrations were quantified by ion selective electrode (Orion Research, Beverly, MA, USA). The probe and meter were calibrated daily using a series of four standard dilutions prepared from NH 4 Cl stock solutions.
Nonpolar organics. For these experiments, the following PCBs and PAHs were measured in both overlying and interstitial waters: PCBs: CB008, CB018, CB028, CB052, CB044, CB066, CB101, CB099, CB110, CB118, CB153, and CB138; PAHs: Fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benz[a]anthracene, and chrysene. After the addition of internal standard, PCBs and PAHs were extracted by adding acetone to the aqueous solutions with vortex mixing. Following the acetone addition, 1 ml of hexane or heptane and a sample-specific volume of de-ionized water were added and the mixture was vortexed again. After phase separation, 1 ml of hexane/heptane was removed and stored until analysis.
The PAHs were analyzed by gas chromatography/mass spectrometry (GC/MS) using a Hewlett-Packard 5890 Series II gas chromatograph (Avondale, PA, USA) equipped with a 7673A autosampler, electronic pressure control, and 5971A mass selective detector. The PCBs were analyzed using a Hewlett-Packard 5890 Series II gas chromatograph equipped with a 7673A autosampler, electronic pressure control, and electron capture detector.
Statistics
In general, all treatments had two to three replicates. Mean and standard deviation values are presented in the figures. Analysis of variance using Microsoft Excel (Microsoft, Redmond, WA, USA) and two-factor (treatment and level) analysis of variance using SAS (SAS Institute, Cary, NC, USA) were performed on treatments with and without PCC to determine if differences were statistically valid. Significance levels were set at ␣ ϭ 0.05.
RESULTS AND DISCUSSION
Coconut charcoal toxicity
Exposures of A. abdita and A. bahia to 100% coconut charcoal resulted in 100% survival. The amphipods made tubes with and ingested the PCC. Their normally translucent pink bodies had a clearly visible black intestinal tract after spending time in the PCC. The control toxicity tests we have performed for the 15% PCC manipulation have been equally successful. Of the over 40 control tests we have performed with 15% PCC in LIS reference sediment, mean survival for A. bahia and A. abdita is 94 Ϯ 9% and 97 Ϯ 7%, respectively. 
Spiked sediment
Results from a toxicity test of LIS spiked with endosulfan indicate that additions of 15% powdered PCC removed all toxicity through a nominal amount of 12.5 mg/kg wet (Fig.  1) . The log K ow of endosulfan is approximately 4.0 [30] , which implies that the majority of the chemical is sorbed to the natural organic carbon on the sediment. With PCC added to the sediment, an even greater proportion of endosulfan is effectively sorbed and its bioavailability reduced.
Comparison of PCC and Ambersorb
Amphipod and mysid test results comparing toxicity after separate PCC and Ambersorb additions to a field sediment contaminated primarily with PCBs indicated that both sorbents removed toxicity ( Fig. 2A and B) . Although both PCC and Ambersorb removed toxicity from the contaminated sediment, Ambersorb removed significantly more toxicity than PCC (p ϭ 0.002). The difference in the results for the two treatments largely is at the 5% addition level. If toxicity results from concentrations of 10 to 20% sorbent are analyzed, the difference between the two treatments is not significant for mysids (p ϭ 0.12), and marginally significant for amphipods (p ϭ 0.04). Although Ambersorb may be slightly more efficient at removing toxicity than PCC, we did not continue studies using Ambersorb because one must take the additional step of grinding or crushing the sorbent due to its unavailability in the powdered form. It also is relatively (10ϫ) more expensive than PCC and there are questions about its future availability. Powdered coconut charcoal, on the other hand, is widely available in a powdered form, inexpensive, and efficient at removing organic toxicity. This study also demonstrates that 15 to 20% PCC is optimum to reduce toxicity.
Selectivity of PCC
Experiments were performed to determine the selectivity of PCC (i.e., would PCC also remove toxicity from sediments contaminated with metals or ammonia, or would it selectively remove just organic toxicity). Results indicated that PCC addition did not change toxicity to either mysids (p ϭ 0.35) or amphipods (p ϭ 0.43) in ammonia-spiked sediments (Fig. 3A  and B) . Chemical analysis of overlying and interstitial waters from ammonia-spiked sediments indicate no significant differences (p ϭ 0.8) between treatments with and without PCC ( Fig. 4A and B) . Therefore, both chemical and toxicity results indicate that PCC does not alter ammonia toxicity. The lack of both toxicological and analytical difference in the ammoniaspiked sediments treated with PCC is interesting because PCC often is used as a sorbent for gases including ammonia. Powdered coconut charcoal most likely did not change the ammonia toxicity because it is a more efficient sorbent of un- ionized gases (e.g., NH 3 ), and in seawater (pH ϳ 8), the ionized form, ammonium, (NH4 ϩ ), is the most prevalent form. Although a small amount of the total ammonia present is in the un-ionized, more toxic NH 3 , the amount apparently is too small or is kept at a constant through equilibrium processes to be affected by the PCC.
For metals, PCC addition did not change toxicity to either mysids (p ϭ 0.36) or amphipods (p ϭ 0.48) in metal-spiked sediments ( Fig. 5A and B) . Although no toxicological differences existed there was a statistically significant difference in metal concentrations between treatments with and without added PCC (Fig. 6A-D ). For some very particle-reactive metals like Cu and Pb we would expect to see differences in the treatments where PCC is added. In our sediment, Pb was so reactive that it was undetectable in all treatments; Cu concentrations also were below detectable levels in both the interstitial and overlying water when PCC was added. Although measured chemical concentrations in metal-spiked sediments with and without PCC are significant statistically, they did not appear to be biologically meaningful, i.e., there was no difference in the toxicity between treatments with and without PCC. Many factors can affect metal toxicity, including the truly dissolved fraction, colloidal, and dissolved organic carbon concentration [31, 32] , pH [33] , and salinity [34] of the exposure media. If the differences in concentrations were realized biologically, we would most likely observe differences in the toxicity test results; however, none were observed (Fig. 5) . Toxicity identification and evaluation interpretation is based largely on weight of evidence, so even if there are slight reductions in metal toxicity, a strong organic signal still would be evident for an organically contaminated sediment. Consequently, based upon the relative difference, one would be led to suspect toxicity due to nonpolar organics. Finally, although we saw no differences in the toxicity of the treatments in this test, the potential exists for these differences to occur if sediment concentrations are close to effect levels. Given that potential, we recommend that TIE manipulations not be performed independently, but performed as a group. In addition, if metals are suspect, alternative confirmatory methods such as ethylenediaminetetraacetic acid addition to pore water [12] should be performed.
Field sediments
Results from studies with field sediments indicate that PCC was effective in removing toxicity from both NBH and ER sediments ( Fig. 7A and B) . PCC increased the survival of mysids and amphipods in NBH sediments from 10 to 77% and 0 to 80%, respectively. New Bedford Harbor is a U.S. Environmental Protection Agency Superfund site largely due to the high concentrations of PCBs that have accumulated in the sediments. The sediments tested in this study contained 304 mg/kg (dry wt) of total PCB, predominantly as the Aroclor 1254 mixture (Monsanto, St. Louis, MO, USA). The use of PCC also increased the survival of mysids and amphipods in ER sediments from 0 to 100% and 0 to 93%, respectively. The sediments tested from ER had very high concentrations of PAHs (1,458 mg/kg dry wt). The log K ow s of the PAHs in ER sediments range from approximately 4.0 to 7.0, while the log K ow s of the congeners in the mixture of Aroclor 1254 range from about 5.0 to 8.0. The data in Table 1 for the two field sediments is supportive of the toxicity findings and shows the percentage of PAHs and PCBs removed from the overlying and interstitial waters. In general, PAHs were completely removed from the aqueous phases. Low log K ow PCBs also were removed effectively. Higher log K ow PCBs were not removed as effectively from the aqueous phase. This phenomenon may be due to the decrease in sorbent-accessible surface of large molecules (especially true for sorbents such as charcoal, which have planar graphitic surfaces) with little conformational freedom, which is somewhat analogous to the Raoult's law convention in liquid-liquid partition phenomena for similar sized solvents and solutes [35] . Note that highly chlorinated PCBs, where ortho-ortho positions have chlorines, prevent the molecules from attaining planar configurations. Also, because high K ow PAHs essentially are planar, this type of effect would not be observed. Other possibilities for the decrease in the removal efficiencies of very high K ow PCBs may have been the presence of small particles colloids of PCC and sediment particulate organic carbon/dissolved organic carbon, which generally are not removed by centrifugation prior to analysis of extraction of water samples. These results, in addition to the spiked endosulfan results (see Spiked sediment section) imply that PCC can remove toxicity from marine sediments contaminated with nonpolar organic compounds with log K ow s ranging from 4 to 8. In addition, data from Lebo et al. [24] suggest that PCC also may be able to reduce the bioavailability of PAHs such as naphthalene with a log K ow of 3.4. Because PCC largely is used for gas or vapor-phase adsorption, it also should effectively reduce the bioavailability of organic toxicants with log K ow s less than 3.4, but this hypothesis has not been tested.
The PCC provides a high surface area and high capacity organic carbon sink that competitively adsorbs organic toxicants. As organic toxicants are released from sediment particles, a significant fraction of these solutes are sorbed by the PCC. Thus, the amount of toxicant available for uptake by organisms is reduced, resulting in increased survival. Using the powdered form of CC, or any other charcoal, is critical because smaller particles have a larger surface area per unit mass of material, which permits a more rapid reduction in the concentrations of bioavailable organic contaminants. Though the log K ow is a convenient first approximation of how effective PCC may be in adsorbing organic toxicants, the adsorption of organic compounds to PCC is affected by a number of molecular factors related to the their molecular size, type of moieties present and their polarity, planarity, or conformational freedom to assume site geometry, and the presence of piclouds. This paper is the last in a series that outlines TIE methods for major groups of toxicants in marine whole sediments [18, 20, 21] . In addition to marine methods, a series of freshwater methods also exist [36] [37] [38] [39] . The major groups of toxicants we strove to characterize and identify in marine sediment TIEs were metals, ammonia, and nonpolar organics. We recommend using these methods together as a powerful set of tools to determine the causes of toxicity in marine sediments. In addition to their use as a suite, they may be used sequentially, or in combination in the same sample. For example, PCC and cation exchange resin may be added to the same sample if both metals and organic toxicants are suspected. This may increase survival of test organisms to 100% if both toxicants are active. Of course, appropriate dilution controls need to be performed. We recommend the multiple manipulation approach as a phase II (identification) TIE tool to quantify causality among different groups of toxicants or as a Phase III (confirmation) TIE tool to confirm that more than one toxicant is present and active. For example, if both PCC and Ulva lactuca addition manipulations result in partial removal of toxicity alone, combining the two manipulations in the same sediment may remove all of the toxicity.
CONCLUSION
The addition of PCC to marine sediments is an effective method for reducing the bioavailability of organic toxicants. It is nontoxic to organisms and removes the toxicity of nonpolar organic compounds with log K ow s ranging from 4 to 8. It is relatively specific for organic compounds; it does not alter toxicity caused by either ammonia or metals. Although it reduces the concentration of some metals in interstitial and overlying water, the effect did not appear to be biologically meaningful. This manipulation is the last in a series of manipulations to identify classes of toxicants in marine whole sediments and completes the suite of manipulations currently developed [19] [20] [21] . We recommend that these manipulations be used together in a weight-of-evidence approach to characterize and identify toxicants in sediments.
